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CHAPTER 1  
 
 
INTRODUCTION 
 
 
1.1 Background of the Study 
 
      Graphene, the well-publicised and now famous two-dimensional carbon allotrope, is 
as versatile a material as any discovered on Earth. Its amazing properties as the lightest 
and strongest material, compared with its ability to conduct heat and electricity better than 
anything else, mean that it can be integrated into a huge number of applications and 
because of that it has been intensely studied (Liang et al., 2015). As for electric property, 
monolayer graphene is semi-metallic and its carrier is massless Dirac Fermions whose 
dynamics should be described by Dirac equation (Novoselov et al., 2004). The maximum 
current density which monolayer graphene can bear is several million times larger than 
that in copper (Moser et al., 2007). Initially this will mean that graphene is used to help 
improve the performance and efficiency of current materials and substances, but in the 
future it will also be developed in conjunction with other two-dimensional (2D) crystals 
to create some even more amazing compounds to suit an even wider range of application. 
 
      One of the greatest challenges being faced today in commercializing graphene is how 
to produce high quality material, on a large scale, and in a reproducible manner. 
According to Hernandez’s group, sonication assisted liquid-phase exfoliation (LPE) of 
graphite to give graphene has made the large-scale production of graphene possible 
(Hernandez et al., 2008). Following their experiment in dispersing carbon nanotube by 
sonication. In their work, graphite powder was dispersed in a specific solvent, followed 
by sonication and centrifugation. Then graphene dispersion was freeze dried to obtain a 
graphene powder before being analyst using characterization technique like XRD, Raman 
spectroscopy, SEM, FESEM, FTIR, UV-VIS, and TEM.  
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      After this work, based on the same idea, many researches have contributed to 
achieving high concentration and quality of graphene by prolonging the sonication time, 
increasing the initial graphite concentration, adding surfactants and polymer, solvent 
exchange method, mixing solvents, etc (Min Yi and Zhigang Shen, 2013).  
 
 
1.2 Motivation 
 
      For the wide and viable applications, high-scale production and availability of 
graphene are prerequisite. Exfoliation of graphite by sonication to produce graphene can 
be considered as a suitable approach to accomplished large-scale production. 
Development on the related theories and design call for scalable, efficient, and 
controllable production of graphene are still remain top priority. 
 
1.3 Problem Statement 
 
      Up to now, a large number of methods have been proposed to produce graphene and 
majority of them suffer a common problem – to produce at high scale. Graphene 
production by mechanical exfoliation can be categorized into two major classes, bottom-
up and top-down method. Bottom-up technique such as chemical vapour deposition 
(CVD) and epitaxial growth, can yield graphene with high quality and small number of 
defects. However, these techniques suffer from the limited scale and expensive 
production, therefore cannot meet the requirement of large quantities of graphene (Min 
Yi and Zhigang Shen, 2013). Initially, the standard procedure to make graphene is by 
micromechanical cleavage. This give the best sample to date, with carrier mobilities up 
to 200 𝑐𝑚2𝑉−1𝑠−1 (Bolotin et al., 2008). But this method is extremely time-consuming 
and labour-intensive. Due to this factor, it is limited to the lab scale only and seems 
impossible to be scaled up to industrial production. 
 
      Top-down approaches like sonication assisted LPE is most promising route to 
accomplished industrial size production. Recently, dispersion and exfoliation of graphene 
oxide (GO) is a method that have been proposed and discussed in many novel material. 
GO is material consists of graphene-like sheets, chemical functionalized with compound 
such as hydroxyls, which stabilize the sheets in water (Stankovich et al., 2007). However, 
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this functionalization disrupts the electronic structure of graphene. Although it can be 
remove through reduction, but doing so it will result in leaving a significant number of 
defects, which continue to disrupt the electronic properties remain (Eda et al., 2008). 
Thus, a by using dispersion agent like polyphenol which is a type of antioxidant like tea 
leaf to produce a significant quantities of defect free, high scale and unoxidized graphene 
is urgently required. Furthermore this antioxidant is non-toxicant and environmental 
friendly. 
 
 
1.4 Objectives 
 
The following is the objective of this research: 
 
To study the parameters that effect the scale up process in the production of graphene by 
mechanical exfoliation via ultrasonic. 
 
1.5 Scopes of Study 
 
The following are the scope of this research: 
1) To study the difference kind of parameter such as sonication time, power, as 
well as centrifuge speed that effected the scale up process. 
2) To upscale the production of graphene based on mechanical exfoliation via 
sonication from 1g to 500g. 
3) To identify and confirm the graphene produced using UV-Vis and to 
characterize based on configuration, orientation, structure as well as functional 
group by using XRD, TEM, and FTIR method analysis. 
